Ultrasound-assisted extraction of phenolic compounds from Cratoxylum formosum ssp. formosum leaves using central composite design and evaluation of its protective ability against H2O2-induced cell death  by Yingngam, Bancha et al.
S497
Document heading          doi: 10.1016/S1995-7645(14)60281-9
Ultrasound-assisted extraction of phenolic compounds from Cratoxylum 
formosum ssp. formosum leaves using central composite design and 
evaluation of its protective ability against H2O2-induced cell death
Bancha Yingngam1,2, Marlene Monschein1, Adelheid Brantner 1*
1Institute of Pharmaceutical Sciences, Department of Pharmacognosy, University of Graz, Universitaetsplatz 4/1, A-8010 Graz, Austria
2Faculty of Pharmaceutical Sciences, Department of Pharmaceutical Chemistry and Technology, Ubon Ratchathani University, Ubon Ratchathani 
34190, Thailand
Asian Pac J Trop Med 2014; 7(Suppl 1): S497-S505
Asian Pacific Journal of Tropical Medicine
journal homepage:www.elsevier.com/locate/apjtm
    *Corresponding author: Prof. Dr. Adelheid Brantner, Institute of Pharmaceutical 
Sciences, Department of Pharmacognosy, University of Graz, Universitaetsplatz 4/1, 
A-8010 Graz, Austria.
     Tel: +43 (0) 316 380 5528
     Fax: +43 (0) 316 380 9860
     E-mail: adelheid.brantner@uni-graz.at
      Foundation Project: Supported by the Ernst-Mach-Stipendien for the academic year 
2013/2014 (Grant No. ICM-2013-04533).
1. Introduction
   Edible plants are one of the important sources of 
polyphenols which linked the potential health benefits 
such as prevention of age-related diseases[1-3]. Cratoxylum 
formosum ssp. formosum (Cff) (Jack) Dyer (family Clusiaceae) 
is a tropical plant which is cultivated in many Southeast 
Asian countries such as Brunei, Burma, Cambodia, China, 
Indonesia, Laos, Malaysia, the Philippines, Singapore, 
Thailand and Vietnam[4]. The young leaves and shoots of Cff 
are commonly consumed fresh as a vegetable side dish and 
used as an ingredient in soup. Thai folk medicine has used 
the leaves of this plant for wound healing and treatment of 
diarrhea while flowers are applied for remedying cough[5].
   Currently, available documents have been reported that 
phenolic compounds in Cff extracts have potential health 
benefits. Kukongviriyapan et al. have published that an 
aqueous extract of the Cff leaves displayed strong free radical 
scavenging and vascular protective activity[6]. The ability to 
protect acid/alcohol-induced gastric mucosal damage in rats 
was demonstrated in an ethanolic leaf extract[5]. Quercetin 
and its glycosides (hyperin, isoquercitrin, quercitrin) 
isolated from Cff leaves showed anti-inflammatory activity 
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by inhibiting nitric oxide production in lipopolysaccharide-
activated RAW 264.7 murine macrophage cells via control 
inducible nitric oxide synthase expression with attenuation 
of nuclear factor-κB activation[7]. Also, the ethanolic extract 
obtained from plant leaves exhibited very low toxicity in mice 
with a lethal dose (LD50) of more than 32 g/kg, indicating it is a 
safe extract[8].
   An effective method for extraction of the phenolics from Cff, 
therefore, is one important task and should be designed and 
optimized for commercial production. Generally, conventional 
methods, i.e., maceration, percolation, heat reflux, Soxhlet 
apparatus extraction, are a choice for extracting polyphenols 
from plant material. However, they are laborious and time-
consuming with low yield in most cases[2,4,9]. Moreover, high 
operating temperature may damage bioactive compounds 
in the extracts[4]. Ultrasound-assisted extraction (UAE) is 
introduced as an alternative to conventional methods for 
extraction of phenolic compounds from many plants[2,9]. The 
principle of extraction is based on collapsing the explosive 
bubbles during ultrasonic treatment to disrupt plant cell 
walls and increase mass transfer of intracellular components 
into the solvent[9,10]. The application of UAE for the extraction 
of phytochemicals, i.e., plant pigments, polyphenols, 
antioxidants, polysaccharides, is found in several fields, 
such as cosmetics, nutraceuticals and pharmaceuticals[11,12]. 
This extraction method has many advantages in extracting 
the chemical from plant material including increasing the 
extraction yield, shorten the extraction time, decreasing 
solvent consumption and energy and lower costs[9,11]. 
However, there is limited literature on efficient extraction of 
phenolic compounds from Cff leaves.
   This work aimed to optimize the UAE for phenolic 
compounds from Cff leaves. The combined effects of main 
operational variables, including ethanol concentrations, 
extraction temperatures and contact times, on the extraction 
yields of polyphenols were investigated using the response 
surface methodology with a central composite design (RSM-
CCD). The UAE process was also compared to the previous 
extraction conditions of phenolic compounds by the heat 
reflux method. Furthermore, antioxidant property of the 
extracts obtained from the optimized extraction condition was 
evaluated. Phenolic compounds in the obtained Cff extract 
were identified by high performance liquid chromatography-
diode array detector-electron spin ionization-mass 
spectrometry (HPLC-DAD-ESI-MS). The amount of 5-O-
caffeoylquinic acid which was the main component of the 
extract was also determined by high performance liquid 
chromatography. Additionally, the cellular protective ability 
against H2O2-induced cell death of the Cff extract was 
evaluated to verify its biological activity.
2. Materials and methods
2.1. Chemicals and reagents
   Standard 5-O-caffeoylquinic acid was purchased from 
Acr觬s Organics Company (New Jersey, USA). α,α-Diphenyl-
β-picrylhydrazyl (DPPH), 6-hydryxyl-2,5,7,8-tetramethyl-
chroman-2-carboxylic aid (trolox), gallic acid, butylated 
hydroxytoluene (BHT) and 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide (MTT) were acquired from 
Sigma-Aldrich company (St. Louis, MO, USA). Folin-Ciocalteu 
reagent was purchased from Carlo Erba Reagenti SpA (Milan, 
Italy). 2,2’-Azino-bis(3-ethylbenzothiazoline-6-sulfonic 
Acid)diammonium salt (ABTS) was obtained from Wako Pure 
Chemical Industries, Ltd., (Japan). Potassium peroxodisulfate 
was obtained from Merck (Darmstadt, Germany). Other 
chemicals used were of analytical grade and used without 
further purification.
2.2. Plant material
   Young leaves of Cff were collected in January 2013 from 
Ubon Ratchathani province, Thailand. The plant was 
identified by Dr. Bancha Yingngam and a voucher specimen 
has been deposited in the herbarium of the Faculty of 
Pharmaceutical Sciences, Ubon Ratchathani University (BCY 
UBU No. 022). The leaves were dried at 50 °C until constant 
weight. The dried plant material was ground, sieved through 
a 60-mesh screen, and kept in a sealed plastic bag before 
use. 
2.3. UAE of phenolic compounds
   Phenolic compounds were extracted from Cff leaves 
using UAE in an ultrasonic bath (ULTRAsonikTM 57H model, 
250 W, C & A Sales Industrial Supplies, USA) with internal 
dimensions of 295 mm伊152 mm伊152 mm. The temperature 
in the ultrasonic bath was controlled by circulating external 
from a thermostated water bath and working frequency was 
fixed at 45 kHz. One gram of accurately weight samples was 
extracted with different volumes of extracting solvent and 
sonicated with different times at the required temperatures. 
The obtained extract was centrifuged at 4 000 r/min for 15 
min. The Cff extracts were then used for determination of the 
phenolic compounds content.
   Prior to the study by RSM-CCD, preliminary experiments 
were done to select the relevant variables and experimental 
ranges. The influence of solid-to-liquid ratio was 
investigated at 1:10, 1:20, 1:30, 1:40 and 1:50 g/mL. The sample 
was sonicated in a fixed concentration of ethanol solution 
at 60% (v/v) at 60 °C for 25 min. The effect of the ethanol 
concentrations on the yield of phenolic compounds was 
studied by varying from 0% to 100% (v/v). The ratio of solid-
to-liquid was kept constant at 1:30 g/mL. The sample was 
sonicated at 60 °C for 25 min. The effect of the extraction 
temperature on the yield of phenolic compounds was 
studied between the range of 30-75 °C. Ratio of solid-to-
liquid, ethanol concentration, and extraction time were fixed 
constant at 1:30 g/mL, 60% (v/v) and 25 min, respectively. 
Finally, the effect of the extraction time on the yield of 
phenolic compounds was investigated by sonicating the 
samples in 60% ethanol for different times ranging from 10 to 
50 min at 60 °C.
2.4. Experimental design
   A three-variable, five-level central composite design of the 
RSM-CCD was applied to achieve a maximal yield of phenolic 
compounds. This design composed of eight factorial points, 
six axial points and six center points. Three independent 
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variables including ethanol concentration (X1), extraction 
temperature (X2) and time (X3) were coded at five levels, -1.68, 
-1, 0, +1, +1.68, according to the following equation:
    
XI= ( )
Xi-X0
   吤Xi
   Where Xi represents the coded value of a variable. X0 and 
ΔXi are real value of independent variable at the center point 
and step change value, respectively. Table 1 shows coded 
and real values of the independent variable investigated in 
this study.
Table 1 
Symbols and coded levels of independent variable selected for RSM-CCD.
Independent variables
Levels
-1.68 -1 0 +1 +1.68
Ethanol concentration (%v/v, X1)   4.66 20 42.5 65 80.34
Extraction temperature (°C, X2) 24.77 35 50.0 65 75.23
Extraction time (min, X3)   9.89 15 22.5 30 35.11
   Experiment design and value of each independent variable 
are shown in Table 2. The obtained data were fitted with a 
second order polynomial model and its generalized equation 
was as follows:
Y=β0 +
3
i=1
βiXi∑
3
i=0
βiiX
2
i βijXiXj
2
i=0
3
j=j+1
∑ ∑∑++
Table 2 
Experimental designs of UAE for extraction of phenolic compounds from Cff 
leaves.
Runs X1 (%, v/v) X2 (°C) X3 (min) Y (mg GAE/g dried weight)
1 65.00 35.00 15.00 32.60依1.26
2 42.50 50.00 22.50 35.04依0.88
3 42.50 50.00   9.89 34.92依0.90
4 20.00 35.00 30.00 32.15依0.94
5 20.00 35.00 15.00 30.96依0.87
6 80.34 50.00 22.50 29.34依0.95
7 42.50 50.00 22.50 33.42依0.43
8 42.50 50.00 22.50 34.14依0.51
9 42.50 24.77 22.50 33.61依2.51
10 42.50 75.23 22.50 42.91依1.77
11 65.00 65.00 15.00 40.92依1.26
12 65.00 35.00 30.00 32.52依1.07
13 20.00 65.00 15.00 36.75依2.32
14 42.50 50.00 22.50 36.17依1.11
15 65.00 65.00 30.00 37.73依0.80
16 20.00 65.00 30.00 36.75依0.55
17   4.66 50.00 22.50 29.39依0.56
18 42.50 50.00 22.50 35.78依1.20
19 42.50 50.00 22.50 35.59依1.67
20 42.50 50.00 35.11 40.08依1.04
Values are means依SD, n=3. X1=ethanol concentration; X2=temperature; 
X3=time; Y=total phenolic content.
   Where Y is the predicted response. β0 is a constant, βi, βii, βij 
are regression coefficients of linear, quadratic and interaction 
terms of the model respectively. Xi and Xj are levels of the 
independent variables. XiXj and Xi
2 are the interaction and 
quadratic terms. Experimental results were expressed as 
means依SD (n=3). A confidence level of 95% was considered 
as statistical significance. The adequacy of the obtained 
model for extraction of phenolic compounds from Cff leaves 
was then verified for validating the models after extraction 
under the optimal conditions. The total phenolic content 
was determined in the extracts obtained under the optimal 
conditions.
2.5. Determination of phenolic compound content
   The total phenolic content in Cff extract was determined by 
the Folin-Ciocalteu method previously described[4]. Briefly, 
the Cff extract (0.25 mL), deionized water (2.5 mL), Folin-
Ciocalteu reagent (0.5 mL), and 7.5% (w/v) Na2CO3 solution (0.5 
mL) were mixed and stand in dark for 40 min. The resulting 
mixture was measured for its absorbance at 725 nm using an 
ultraviolet visible spectrophotometer (Shimadzu UV-2101PC, 
Tokyo, Japan). All calculations about the quantitative analysis 
were compared with the calibration curve of gallic acid and 
the results were expressed as gallic acid equivalents (mg 
GAE/g dried plant powder).
2.6. HPLC-DAD-ESI-MS analysis
   The major components in the Cff extract obtained from 
the optimized extraction conditions were identified using 
HPLC-DAD-ESI-MS instrument. The instruments consisted 
of a Dionex UltiMate 3000 UHPLC coupled with a mass 
spectrometer (Thermo Fisher Scientific Company, USA). The 
separation was performed on a Lichrosphere C18 column (250 
mm伊4.6 mm inner diameter, 5 µm particle size) at column 
temperature of 35 °C. The mobile phase consisted of 0.1% 
formic acid in water (A) and acetonitrile (B). Firstly, solvent 
B was kept constant at 10% at 10 min, followed by a linear 
gradient from 10% B to 40% B at 49 min, 10% B at 52 min, 
and 10% B at 62 min. Flow rate was set at 0.5 mL/min. The 
detection wavelength was set at 260, 280, 320 and 350 nm. 
The mass spectra used were both negative and positive ion 
electrospray by fixing nebulizer gas (N2) at a pressure of six 
bars and a flow rate of 1.5 L/min. Heated capillary was set 
at 230 °C with voltage of 1.7 kV. The full scan mass spectra 
were measured from m/z 50 to 2 000. The identification of 
compounds in the obtained Cff extract was identified based 
on the retention time, DAD spectra and MS spectra to those 
described in literature.
2.7. Quantification of 5-O-caffeoylquinic acid
   5-O-caffeylquinic acid was quantified in the Cff extract 
by high performance liquid chromatography (Dionex UltiMate 
3000 UHPLC, Thermo Fisher Scientific Company, USA) by 
comparing its peak area with the standard curve of the 
authentic substance. The sample (10 µL) was injected into a 
Hypersil Gold C18 column (250 mm伊4.6 mm inner diameter, 
5 µm). The mobile phase was 50 mmol/L phosphoric acid 
in water (pH 2.5, solvent A) and acetonitrile (solvent B). The 
linear gradient was run starting with 5% B, 0-5 min, followed 
by 50% B, 5-50 min; 50% B, 50-60 min; back to 5% B in 2 min. 
The flow rate was set at 0.7 mL/min. Detection was measured 
at a wavelength of 260, 270, 280 and 320 nm using a UV-DAD 
detector.
2.8. Determination of the antioxidant capacity
2.8.1. DPPH● free radical scavenging activity assay
   The antioxidant activity of Cff extracts was determined by 
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the DPPH● assay as described by Yingngam et al[4]. Different 
concentrations of plant extracts (0.5 mL) were mixed with 0.5 
mL of 1.75伊10-4 mol/L DPPH● solution. The resulting mixture 
was then kept in the dark for 30 min and absorbance value 
was measured at 517 nm (UV-vis spectrophotometer DU
襆
 800, Beckman Coulter, Inc., CA, USA). The percentage of 
free radical inhibition of the plant extracts was calculated 
according to the following equation:
     
Inhibition (%)= A0-(A1-A2)
A0
伊100[ ]
   Where A0, A1, A2 are the absorbance values of the DPPH
● 
solution without sample solution, test sample, and sample 
without DPPH● solution, respectively. 5-O-Caffeylquinic acid, 
L-ascorbic acid, and BHT were used as reference standards.
2.8.2. ABTS●+ radical scavenging activity assay
   The ability of the Cff extract to scavenge the ABTS●+ radicals 
was determined according to Re et al[13]. The ABTS●+ radical 
solution was prepared from the reaction between 2.45 mmol/
L potassium persulfate and 7 mmol/L ABTS salt. The sample 
was mixed with the ABTS●+ radical solution and left for 6 
min before measuring the absorbance at 734 nm (UV-vis 
spectrophotometer DU襆 800, Beckman Coulter, Inc., CA, USA). 
The results of the assay were calculated according to the 
following equation:
    
Inhibition (%)=
A0-(A1-A2)
A0
伊100[ ]
   Where A0, A1, A2 are the absorbance values of the ABTS
●+ 
solution without sample solution, test sample, and sample 
without ABTS●+ solution, respectively. The concentration 
of sample leading to 50% less activity was then calculated 
as expressed in term of the IC50 value. 5-O-caffeoylquinic 
acid, L-ascorbic acid, and BHT were served as reference 
standards.
2.9. Comparison of the UAE method with heat reflux 
extraction
   The amount of phenolic compounds obtained from the 
optimal conditions of the UAE which gave the best extraction 
efficiency was compared with the results of the heat reflux 
method. Extraction of phenolic compounds by heat reflux 
method was performed according to the best conditions 
reported previously by Yingngam et al[4]. Briefly, 1 g of Cff 
powder was extracted in 38.83% v/v ethanol by fixing the 
solid-to-solvent ratio at 1:30 g/mL, a temperature of 59.76 °C, 
and extraction time of 5.50 h.
2.10. Scanning electron microscopy
   The morphological changes of the samples after extraction 
by UAE was examined by a scanning electron microscope 
in comparison to that of the heat reflux method and the 
un-extracted powder. The samples were mounted on stubs 
and sputtered with a thin layer of gold in a sputter-coater. 
The images were digitally recorded on the JEOL JSM-6010LV 
scanning electron microscope (JEOL Ltd., USA) under an 
accelerating voltage of 20 kV. Measurements were taken in 
triplicate of different samples.
2.11. Evaluation of cellular protective ability of Cff extract
   The protective effect of Cff extract against H2O2-induced 
oxidative stress was examined in the normal human 
embryonic kidney (HEK293) cells using the MTT assay[14]. The 
cells were routinely cultured in Dulbecco’s modified Eagle’s 
medium containing 10% v/v fetal bovine serum and 1% v/
v antibiotics (100 IU penicillin/10 000 µg/mL streptomycin). 
The confluent cells were seeded into a 96-well culture plate 
at a density of 1×104 cells/well and allowed attaching the 
plate for 24 h. Different concentrations of the Cff extract were 
then incubated into the cells at concentrations ranging from 
10–500 µg/mL for 2 h before addition of 750 µmol/L H2O2. After 
24 h incubation, 25 µL MTT (5 mg/mL) were added to each 
well and further incubated for 4 h. Dimethyl sulfoxide was 
added into each well and the absorbance was measured at 
570 nm applying 630 nm as the reference wavelength using 
a microplate reader (Dynex/MRX microplate reader, Dynex 
Technologies, Inc., USA). Cell viability was then calculated 
according to the following equation:
    
Cell viability (%)=
Absorbancesample
Absorbancecontrol
伊100[ ]
2.12. Statistical analysis
   All measurements were carried out in triplicate and the 
data obtained were expressed as means依SD (n=3). Data were 
analyzed by analysis of variance (ANOVA) and significant 
differences among the samples were determined at P<0.05 
using Duncan’s multiple-range test. The fitness of the second 
order polynomial model expressed in terms of the coefficient 
(R2, Radj
2
) and lack of fit was checked using a student’s F-test.
3. Results
3.1. Effects of independent variables on extraction yield of 
phenolic compounds
   Prior to optimize the extraction processes of phenolic 
compounds from Cff leaves using RSM-CCD, the effects of the 
single factor experiments on the yield of phenolic compounds 
were determined. Firstly, the effects of different solid-to-
liquid ratios on the content of phenolic compounds in Cff 
extracts were studied and the results are shown in Figure 1a. 
It was observed that significant increase in yield of phenolic 
compounds when decreasing concentrations of solid-to-
liquid ratios from 1:10 g/mL to 1:30 g/mL (P<0.05). The solid-
to-liquid ratio of 1:30 g/mL gave a maximum extraction yield 
of phenolic compounds [(41.75依1.28) mg GAE/g]. However, 
there were no significant alterations when further decreased 
the solid-to-liquid ratios from 1:30 to 1:50 g/mL. Based on 
the economical point of view, the solid-to-liquid ratio at 
1:30 g/mL was chosen and fixed constant in the subsequent 
experiments.
   Figure 1b shows the effects of different ethanol 
concentrations (0%, 25%, 50%, 75%, and 100% v/v) on the yields 
of phenolic compounds. The yield of phenolic compounds 
increased from (36.20依0.85) mg GAE/g to (41.02依3.42) mg GAE/g 
plant material as ethanol concentrations increased from 0% to 
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50% (v/v). This was probably due to the increased solubility of 
phenolic compounds in the solvent used. Further increase in 
ethanol concentrations hindered the extraction efficiency of 
phenolic compounds. The phenolic compounds yield sharply 
decreased from (40.78依0.65) mg GAE/g to (24.91依0.95) mg GAE/
g at ethanol concentrations of 75% and 100% (v/v) respectively 
(P<0.001). 
   The yields of phenolic compounds extracted from Cff 
leaves at different temperatures are presented in Figure 1c. 
Total phenolic compound yield reached a maximum of (42.11
依2.40) mg GAE/g at 45 °C and remained constant up to 60 °C. 
However, the content of phenolic compounds significantly 
decreased from (41.54依1.53) mg GAE/g at 60 °C to (34.75依0.69) 
mg GAE/g at a temperature of 75 °C (P<0.05). 
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Figure 1. Effects of solid-to-liquid ratio, ethanol concentration, extraction 
temperature and extraction time on the extraction yield of phenolic 
compounds from Cff leaves. 
Values are means依SD of three separate determinations (n=3). a: solid-to-
liquid ratio; b: ethanol (EtOH) concentration; c: extraction temperature; d: 
extraction time.
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   Figure 1d shows the results of extraction according 
to varying extraction times of sonication. The phenolic 
compounds yield increased markedly from (38.40依1.69) mg 
GAE/g to (41.37依0.88) mg GAE/g at an extraction time of 10 
min and 20 min, respectively (P<0.05). The extraction yield 
of phenolic compounds reached a maximal value at 20 min, 
and then remained constant up to 50 min of sonication time. 
According to these results, ethanol concentration, extraction 
temperature and extraction time at 42.5% (v/v), 50 °C, and 22.5 
min were selected as the central conditions of the RSM-CCD 
for finding the maximized yield of phenolic compounds from 
Cff.
3.2. Model fitting
    The RSM-CCD was applied to optimize the extraction yield 
of phenolic compounds from Cff leaves. As seen in Table 2, 
the total phenolic content obtained from experimental results 
of the factorial design varied from (29.34依0.95) mg GAE/g to 
(42.91依1.77) mg GAE/g plant material. The lowest yield of total 
phenolic compounds was noticed in the test set number 6 
whereas test set number 10 showed the highest extraction 
yield. There was a high correlation of the experimental 
data and the predicted data for yields of total phenolic 
compounds determined using the normal probability plot. 
The experimental values of phenolic compounds were 
aligned with a straight line (Figure 2). The R2 (multiple 
determination coefficient) value was 0.918 9 which were 
closed to 1. This indicated the aptness of the model that was 
able to explain 91.89% of the results. The Radj
2 value obtained 
after eliminating the unnecessary model terms was 0.845 8, 
meaning a highly significant model. In addition, the lack of 
fit was insignificant (P=0.1770).
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Figure 2. Linear correlation between experimental data and predicted data 
of total phenolic content extracted from Cff leaves.
   The quadratic polynomial model of UAE analyzed by ANOVA 
is shown in Table 3. A student’s F-test value was 13.83, 
indicating the presented model was highly significant. For 
linear parameters, only extraction temperature (X2) showed 
significant effects on the extraction yield of total phenolic 
compounds (P<0.000 1) while other independent variables 
were insignificant on phenolic compound extraction yield. 
Table 3 
ANOVA for the effect of X1, X2 and X3 on the yield of total phenolic compounds 
using a response surface quadratic model.
Source Sum of squares df Mean square F value P-value
Model 231.00 9 25.67 13.83 0.000 2
X1    2.87 1  2.87   1.54 0.242 4
X2 119.40 1        119.40 64.33 <0.000 1
X3    4.03 1  4.03   2.17 0.171 4
X1
2  59.43 1          59.43 32.02 0.000 2
X2
2  17.89 1          17.89   9.64 0.011 2
X3
2  10.30 1          10.30   5.55 0.040 2
X1X2    2.33 1  2.33   1.26 0.288 5
X1X3    1.34 1  1.34   0.72 0.414 6
X2X3    3.75 1  3.75   2.02 0.185 4
Residual  18.56         10  1.86
Lack of fit  13.00 5  2.60   2.34 0.186 4
Pure error    5.56 5  1.11
Cor total 249.56         19
R2 0.925 6
Radj
2
0.858 7
   It was clear that all quadratic parameters (X1
2, X2
2 and X3
2
) 
had significant effects on total phenolic compounds (P<0.05). 
Meanwhile, there were no significant effects observed for 
interaction parameters (X1X2, X1X3 and X2X3). Based on the 
above results, the predicted response for the yield of phenolic 
compounds (Y) could be presented by the following second-
order polynomial equation as given below:
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Y=35.054 8+0.518 066X1+2.896 61X2+0.483 162X3+0.392 499X1X2-
0.557 5X1X3-0.537 499X2X3-2.009 82X1
2
+1.134 26X2
2
+0.865 626X
3
2
   Where Y is the extraction yield of total phenolic content, X1, 
X2, X3 are ethanol concentration, extraction temperature and 
extraction time, respectively.
3.3. Analysis of response surface
   Three-dimensional surface plots and two-dimensional 
contour plots were graphically constructed to find the 
optimal conditions of independent variables for a high 
extraction yield of phenolic compounds. The variation in 
extraction yields of total phenolic compounds as a function 
of ethanol concentration, extraction temperature, and time 
are presented in Figure 3. As demonstrated in Figure 3a, 
the yield of phenolic compounds of Cff increased gradually 
with the increase in ethanol concentration from 4% (v/v) to 
65% (v/v) and extraction temperature of 24 °C to 75 °C. Beyond 
this level, increasing ethanol concentrations over 65% (v/
v) resulted in a decreased yield of phenolic compounds. A 
similar increase in total phenolic compounds is also observed 
in Figure 3b. Increasing ethanol concentrations of 4% (v/v) to 
65% (v/v) with extraction times from 9 min to 35 min resulted 
in a higher yield of phenolic compounds. However, the 
extraction yields of phenolic compounds gradually decreased 
with increasing ethanol concentrations over 65% (v/v). Figure 
3c shows the effect of extraction temperature and extraction 
time on the yield of phenolic compounds. The extraction 
yields of phenolic compounds improved with increasing 
extraction temperature and time.
3.4. Optimization of extraction condition and verification of 
the model
   According to the results obtained from RSM-CCD, the 
optimal conditions for extraction to obtain the highest 
amount of phenolic compounds from Cff leaves were ethanol 
concentration 50.33% (v/v), temperature 65 °C, and extraction 
time 15 min. The experimental value of phenolic compounds 
determined under the optimal extraction conditions was 
(40.00依1.00) mg GAE/g dry weight. This value matched well the 
predicted value [(40.00依0.10) mg GAE/g dry weight], indicating 
the proposed model represented the real relationship of the 
test independent variables.
3.5. Impact of UAE treatments on microstructure of plant 
materials 
   The extraction condition of polyphenols from Cff leaves 
has been optimized by application of the conventional heat 
reflux method with RSM-CCD as reported by Yingngam et 
al[4]. However, time-consuming was the main drawback of 
that process, resulting decrease in the phenolic compounds 
productivity. The UAE was used to overcome this problem 
and its mechanism for phenolic compound extraction 
was observed under scanning electron microscopy. The 
microstructures of plant materials obtained from the non-
extracted powder (Figure 4a) and samples treated with heat 
reflux extraction in 38% (v/v) ethanol, 60 ˚C for 5.5 h (Figure 4b) 
were intact. On the contrary, UAE caused obviously structured 
changes on the surface by destructing the cell walls and 
plant tissue of Cff leaves (Figure 4c and Figure 4d).
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Figure 3. Response surface and contour plots for the effects of ethanol 
concentration and extraction temperature, ethanol concentration and 
extraction time, and extraction temperature and time on the extraction yield 
of phenolic compounds in Cff leaves.
a: ethanol concentration and extraction temperature; b: ethanol 
concentration and extraction time; c: extraction temperature and time.
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Figure 4. Electron micrographs of different Cff leaf powders.
a: untreated powders; b: after heat reflux extraction in 38% EtOH at 60 °C 
for 5.5 h; c and d: after ultrasound-assisted extraction at 60 °C for 15 min. 
Bars=100 µm (a, b, c) and 10 µm (d).
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3.6. Identification and determination of the major phenolic 
compounds in the Cff extract
   Figure 5a shows HPLC chromatograms of the Cff extract 
obtained from the optimized extraction conditions at different 
detection wavelengths. The major component of this extract 
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was eluted at a retention time of 19.50 min with ultraviolet 
spectral maximum of 325 and 217 nm (Figure 5b). The HPLC-
DAD-ESI-MS was used as a tool to evaluate the composition 
of phenolic compounds in the extract. The mass spectra 
of this major peak in Cff extract obtained from ESI-MSn in 
negative and positive ionization mode showed [M-H]- and 
[M-H]+ parent peak at m/z 353 and 355, respectively (Figure 
6a). Its fragmented ions in negative ionization mode showed 
a base peak at m/z 191 and a weak secondary peak at m/z 179 
(intensity=5% of base peak). These results indicated the losses 
of both deprotonate quinic acid and caffeic acid fragments, 
respectively. Fragment ions obtained from positive ion mode 
was also used and the results showed that the [M-H]+ parent 
peak at m/z 355 displayed MS2 base peak at m/z 163. Thus, this 
compound was identified as 5-O-caffeoylquinic acid based 
on its parent ion and relative intensity of their daughter 
ions which gave in detail the position of the caffeoyl group 
on the ring as reported by He et al[15]. The diagram showing 
fragmentation of this substance is shown in Figure 6b. This 
substance was used as chemical marker for standardizing 
the extract. The amount of 5-O-caffeylquinic acid in the 
obtained Cff extract determined by HPLC was (41.66依0.07) mg/
g plant extract.
Figure 5. HPLC chromatograms of Cff extract detected at a wavelength of 
260, 270, 280 and 320 nm and UV-spectra of peak at retention time of 19.50 
min.
a: wavelength of 260, 270, 280 and 320 nm; b: retention time of 19.50 min.
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3.7. Determination of the antioxidant activity of the Cff 
extract
   Figure 7a and Figure 7b show antioxidant activity of the 
obtained phenolic extract from Cff leaves determined by 
DPPH
• and ABTS•+ assays. The antioxidant activity of the 
Cff extract determined by those methods exerted dose-
dependent effects. The Cff extract exhibited strong activity 
against DPPH• radicals with an IC50 value of (18.06依0.83) µg/
mL. The antioxidant potential of 5-O-caffeylquinic acid, 
L-ascorbic acid and BHT used as positive standards showed 
IC50 values of (4.00依0.21) µg/mL, (3.81依0.31) µg/mL, and 
(134.09依4.85) µg/mL, respectively. Moreover, the Cff extract 
showed the ability to scavenge the ABTS•+ cation radicals 
with an IC50 value of (9.96依0.09) µg/mL. The IC50 values of 
5-O-caffeylquinic acid, L-ascorbic acid and BHT (positive 
standards) were (3.34依0.01) µg/mL, (2.00依0.02) µg/mL and (2.54
依0.04) µg/mL, respectively.
Figure 6. Mass spectra of 5-O-caffeoylquinic acid. 
a: 5-O-caffeoylquinic acid; b: fragmentation diagram of identified substance. 
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3.8. Cellular protective activity of Cff extract against oxidative 
stress
   Figure 8a shows that H2O2 reduced cell viability in a dose-
dependent manner. A higher dose of H2O2 decreased the 
cell viability. The viability of the test cells decreased to 
(50.52依7.30)% when exposing 750 µmol/L H2O2 for 24 h. This 
concentration was selected and fixed constant for further 
experiments. Three levels of Cff extract concentrations were 
studied to verify the extract that did not cause any toxicity 
on the cells. As depicted in Figure 8b, Cff extract did not 
decrease the cell viability in the range of concentrations 
tested (10, 100, 500 µg/mL). No any cytotoxic effect could be 
observed after 24 h exposure (cell viability>95% of control 
up to 500 µg/mL Cff extract). These results indicated that 
Cff extract was safe to such normal cells. Three Cff extract 
concentrations were further incubated with the cells for 
2 h before the addition of H2O2. The results indicated 
that 10 µg/mL Cff extract did not show ability to protect 
the cells [cell viability=(49.46依4.07)%]. However, further 
increasing concentrations of Cff extract at 100 and 500 µg/mL 
significantly increased the cell viability to (74.55依6.67)% and 
(76.02依2.13)%, respectively, compared to cells incubated with 
H2O2 (P<0.05). 
Bancha Yingngam et al./Asian Pac J Trop Med 2014; 7(Suppl 1): S497-S505S504
Figure 7. Effects of Cff extract against DPPH• and ABTS•+ free radicals 
compared with standard antioxidants (L-ascorbic acid, 5-O-caffeoylquinic 
acid, BHT).
Values are means依SD of three different experiments (n=3). a: DPPH•; b: 
ABTS•+.
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Figure 8. Effects of different concentrations of H2O2 on cell viability and 
cellular protective effect of Cff extract.
a: effects of different concentrations of H2O2 on cell viability of HEK293 cells 
after 24 h incubation, P<0.05 compared with control; b: cellular protective 
effect of Cff extract against H2O2-induced cell death, P<0.05 compared with 
cells treated with H2O2. Values are means依SD of three different experiments 
(n=3).
4. Discussion
   In this study, the RSM-CCD was applied to optimize 
the processing parameters for extracting the phenolic 
compounds from Cff leaves. A mixture of ethanol and 
water, a highly polar solvent, was selected as extraction 
solvent in plant sample due to its ability to extract phenolic 
compounds with low toxicity[4]. The addition of a certain 
amount of water to ethanol also improved the extraction 
efficiency of phenolic compounds compared with using 
a single solvent[4]. The results found that decreasing the 
solid-to-liquid ratio resulted in an increased yield of 
phenolic compounds. This observation was consistent with 
the mass transfer principle. The driving force for the mass 
transfer of phenolic compounds from plant material was 
increased when a lower solid-to-solvent ratio was used[16]. 
However, the extraction yield of phenolic compounds did 
not increase following the further decrease of the solid-
to-liquid ratio. This indicated that a larger volume of 
solvent did not improve the driving force. Similar results 
were also reported by other researchers[4,9,16]. At higher 
ethanol concentrations more yields of phenolic compounds 
were extracted. This can be explained by increasing 
ethanol concentrations resulting to improve the solubility 
of phenolic compounds[4]. The effect of the ethanol 
concentration on the yield of phenolic compounds was 
similar to other reports in case of extracting the phenolic 
compounds from olive leaf[2] and areca husk[17]. However, 
yields of phenolic compounds were decreased when raising 
the ethanol concentration higher than 65%. This can be 
explained by the fact that lower water content decreases the 
swelling ability of the cell walls of plants which obstructs 
the ability of ethanol to break down cell wall structures. 
Increasing extraction temperature up to 60 ˚C gives higher 
yields of phenolic compounds than lower temperatures. 
This may be attributed to a better solubility of phenolic 
compounds in 50% ethanol at a higher temperature[4,17,18]. 
Also, the solvent viscosity and density decrease at high 
temperatures resulting in an increase mass transfer of 
phenolic compounds from plant material to solvent[9,17]. 
However, the exposure of plant material to higher 
temperature (>65 ˚C) results in a decrease of the phenolic 
compounds content. This may be due to the degradation of 
some heat-sensitive substances[4].
   The impact of UAE treatments on microstructure of 
plant material was examined under electron scanning 
microscopy. It was obvious that the UAE resulted in a higher 
efficiency concerning disruption of plant material compared 
to a conventional heat reflux extraction. This is attributed 
to the fact that ultrasonic cavitation creates shear forces to 
disrupt cell walls, followed by enabling solvent to penetrate 
into the plant tissue to dissolve phenolic compounds 
into the surrounding solvent[12]. Similar results were also 
reported for other plants[17]. Furthermore, the UAE has a 
higher efficiency than heat reflux extraction with respect to 
the reduction of extraction time and energy consumption. 
Therefore, the UAE could be used as a good alternative 
method to heat reflux extraction for phenolic compound 
extraction.
   The Cff extract exhibited good antioxidant activity against 
DPPH
● and ABTS●+ free radicals. These results suggested that 
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the mechanism of phenolic compounds in the Cff extract 
should break the chain of the oxidation reaction through 
scavenging activity[19]. The presence of phyto-constituents 
in Cff extract can react with free radicals and converting 
them into more stable products through electron donating 
activity. In order to evaluate the ability of the Cff extract 
against oxidative stress on HEK293 cells, H2O2 was used 
as chemical to generate hydroxyl free radicals (OH•-). 
Various concentrations of H2O2 were first studied to select 
the concentration caused 50% cell death before studying 
protective activity of the Cff extract. The results indicated 
that cell viability increased with increasing concentration 
of Cff extract at 100 and 500 µg/mL. This property could be 
attributed from the antioxidant activity of the extract to 
scavenge the hydroxyl free radicals[14].
   In conclusion, the extraction process for phenolic 
compounds of Cff leaves was optimized using the UAE 
method. The ethanol concentration and extraction 
temperature strongly affected the extraction yield of 
phenolic compounds from Cff, followed by the extraction 
time. The optimal conditions obtained by RSM-CCD for 
the extraction of phenolic compounds from the plant were 
ethanol concentration 50.33% (v/v), extraction temperature 
65 °C, and extraction time 15 min. 5-O-Caffeoylquinic 
acid was identified as the major component of phenolic 
compounds in the plant extract. The obtained extract 
showed strong antioxidant activities and good ability to 
protect H2O2-induced cell death. Thus, Cff leaf extract is 
a good source of phenolic compounds for health benefits. 
This optimized extraction method can be useful for the 
development of a phenolic-enriched extract for a large-
scale production.
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